Study of observed spin evolution of long-period X-ray pulsars challenges quasi-spherical and Keplerian disk accretion scenarios. It suggests that the magnetospheric radius of the neutron stars is substantially smaller than Alfvén radius and the spin-down torque applied to the star from accreting material significantly exceeds the value predicted by the theory. We show that these problems can be avoided if the fossil magnetic field of the accretion flow itself is incorporated into the accretion model. The initially spherical flow in this case decelerates by its own magnetic field and converts into a non-Keplerian disk (magnetic slab) in which the material is confined by its intrinsic magnetic field ("levitates") and slowly moves towards the star on a diffusion timescale. Parameters of pulsars expected within this magneto-levitation accretion scenario are evaluated.
Introduction
It is widely believed that the geometry of accretion flow onto a neutron star in HighMass X-ray Binaries (HMXBs) can be treated in either quasi-spherical or Keplerian disk approximations. The maximum possible spin-down rate which a neutron star could achieve within these scenarios is, however, an order of magnitude smaller than the spin-down rate occasionally observed in the accretion-powered pulsars. This may indicate that traditionally used accretion scenarios are oversimplified. We find that the above mentioned problem can be avoided if the magnetic field of the accreting material is incorporated into the accretion model. The star in this case is surrounded by and accreting from a magnetized non-keplerian disk (magnetic slab) in which the material is confined by the magnetic field of the accretion flow itself. This scenario, which we refer to as the Magneto-Levitation Accretion (MLA), has previously been developed for the case of accretion onto a black hole (see, e.g., Refs. 1-4). An application of MLA scenario to the case of accretion onto a neutron star (see Refs. 5-9) has led us to a number of important conclusions. First, the observed high X-ray luminosity of pulsars can be explained provided the mode by which the accreting material enters the stellar field from the magnetic slab is the anomalous (Bohm) diffusion. This indicates that plasma entry into the magnetosphere of both a neutron star and the Earth and other planets is governed by a similar mechanism. Accretion onto the stellar surface at a required rate within the MLA scenario would occur even if the interchange instabilities of the magnetospheric boundary are suppressed. Second, the magnetospheric radius of the neutron star within the MLA scenario is a factor of a few smaller than the magnetospheric radius evaluated within the traditional quasi-spherical or Keplerian disk scenarios. Finally, the maximum possible spin-down torque applied to a neutron star from the magnetic slab is an order of magnitude larger that the upper limit to the spin-down torque expected in the traditional accretion scenarios and can reach the value of the spin-down torque inferred from observations. These basic conclusions are illustrated in the following Sections.
Spin-down rates
Parameters of five best studied long-period X-ray pulsars (with the period, P s , in excess of 100 s) are listed in Table 1 . All of them are identified with HMXBs with the orbital period P orb . The X-ray luminosity of the pulsars, L 36 , is given in units 10 36 erg s −1 . The surface magnetic field of the neutron star, B 12 = B * /10 12 G, is measured through observations of the cyclotron line in its spectrum. The last two columns show the spectral type of the massive component and the source distance. An example of typical spin evolution of LPXPs is shown in Fig. 1 . The spinup events alternate spin-down trends while the average period does not change significantly on the 10-20 yr timescale. The highest spin-down rates of the selected pulsars are listed in Table 2 . It shows Julian dates (t 0 and t 1 ), the total duration, △t, and the absolute value of the spin-down rate, |ν obs sd |, inferred from observations of spin-down events. 
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Spin-down torque
The equation governing spin evolution of an accreting neutron star reads
where I is the moment of inertia,ν = dν/dt and ν = 1/P s is the rotation frequency of the neutron star. K su and K sd are the spin-up and spin-down torques applied to the star from the accreting material. As follows from this equation the spin-down rate of the star is limited to |ν sd | ≤ |K sd |/(2πI).
The spin-down torque applied to a neutron star from the accretion flow in the general case can be evaluated as (see Refs. 5 -8)
where k t is a dimensionless parameter of an order of unity. The dipole magnetic moment, µ = (1/2)B * R 3 ns , and the corotation radius, r cor = GM ns /ω 2 s 1/3 , of the neutron star can be derived from observations (see Table 1 ). Here M ns is the mass, ω s = 2π/P s is the angular velocity and R ns is the radius of the neutron star. The magnetospheric radius, r m , is a free parameter. Its value depends on the structure and physical conditions in the accretion flow. If the star undergoes spherical or Keplerian disk accretion at the rateṀ the radius of its magnetosphere is close to the Alfvén radius 25,26
, which is defined by equating the ram pressure of the free-falling gas with the magnetic pressure due to dipole field of the neutron star. Putting r m ≥ r A to Eq. (2) one finds |K sd (r A )| = |K Table 3 . It shows that the observed spin-down rate of these pulsars is an order of magnitude higher than the maximum possible value of the spin-down rate predicted within the traditional accretion scenarios.
Solving inequality |ν obs sd | ≤ |K sd (r m )|/(2πI) for r m one finds that the pulsars would brake at the observed rate if the magnetospheric radius satisfies the condition r m ≤ r 0 , where
The values of r 0 and r A as well as the ratio r 0 /r A for the parameters of the selected pulsars are given in the last three columns of Table 3 . It shows that the observed spin evolution of these pulsars can be explained provided the magnetospheric radius of the neutron star is substantially smaller than the canonical Alfvén radius. This situation is realized in the MLA scenario. 
Magneto-Levitation Accretion (MLA)
The MLA scenario in a HMXB can be realized if the material which the neutron star captures from the wind of its massive companion is magnetized. The initial quasi-spherical flow in this case decelerates by its own magnetic field at a so called Shvartsman radius 1 ,
and is converted into a slowly rotating disk (magnetic slab) in which the material is confined by the magnetic field of the accretion flow itself (see Refs. 2 -4). Here β 0 is the ratio of the thermal, ρc The magnetospheric radius of a neutron star accreting material from the magnetic slab can be defined by the following basic conditions (see Refs. 7,9):
• the magnetic pressure due to dipole field of the neutron star at the magnetospheric boundary is equal to the external gas pressure, i.e. 
Here m p is the proton mass, e is the electric charge of an electron, k B is the Boltzmann constant and T 0 is the gas temperature in the region of interaction between the slab and the stellar field (magnetopause).
The maximum possible spin-down rate of a neutron star expected within the MLA scenario can be evaluated as
The ratioν (sl) sd /ν obs sd for the parameters of the selected pulsars is listed in the third column of Table 3 . Thus, the observed spin evolution of the selected long-period pulsars can be explained within the MLA scenario provided k t ∼ 0.1 − 0.76.
